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(54) Apparatus and method for making a contoured surface having complex topology 



(57) Apparatus for marking a contoured surface (30) 
having complex topology. The apparatus comprises a 
movable marker (50) for marking the surface and a sen- 
sor (60) disposed in sensing relationship to the surface 
for sensing contour of the surface. A controller (220) in- 



terconnecting the marker and the sensor is also provid- 
ed for actuating the marker and for control lably moving 
the marker relative to the surface in response to the con- 
tour sensed by the sensor, so that the marker follows 
the contour of the surface at a predetermined distance 
therefrom and marks the surface. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention generally relates to marking ap- 5 
paratus and methods and more particularly relates to an 
apparatus and method for marking a contoured surface 
having complex topology. 

[0002] It is often desirable to place an image on a 
three-dimensional object having a complex topology, 10 
such as a vase or a human bust statue. Usually this im- 
age is applied manually, which is timely and costly. At- 
tempting to quickly apply the image manually to the ob- 
ject typically results in less precision in placement of the 
image on the object, which is an undesirable result, is 
Therefore, it is desirable to provide a marking device ca- 
pable of marking such a three-dimensional object hav- 
ing complex topology. 

[0003] Devices for marking curved surfaces are 
known. One such device is disclosed in U.S. Patent No. 20 
5,119,109 titled "Method And Apparatus For Marking 
The Inside Surface Of Pipe" issued June 2, 1992 in the 
name of John A. Robertson. This patent discloses a sys- 
tem wherein dot matrix characters are formed upon the 
inside surface of a pipe or other curved surface by an 25 
array of ink spray nozzles disposed within a marker 
head assembly. The marker head is moved by a carriage * 
in a manner such that character pixels are formed during 
movement of the marker head along loci parallel with 
the longitudinal axis of the pipe. An indexing mechanism 30 
engages an outer surface of the pipe to index it from one 
marking locus to the next marking locus. Also, a trans- 
lational mechanism moves the carriage from an off-line 
to an on-line position during operation of the device. 
However, this patent does not disclose measuring dis- 35 
tance of the surface ot the pipe from the marker head 
before marking begins. That is, this patent does not ap- 
pear to disclose sensing distance of the surface from 
the marker head, which may be required in order to se- 
quentially mark pipes having different diameters. More- *o 
over, use of the Robertson device does not appear to 
assure uniform placement of ink on a contoured surface 
having complex topology, such as a vase or a human 
bust statue. 

[0004] Therefore, an object of the present invention is *s 
to provide an apparatus and method for suitably marking 
a contoured surface of complex topology in a manner 
which automatically determines the contour of the sur- 
face and quickly, yet precisely, applies a marking medi- 
um uniformly to predetermined portions of the surface, so 

SUMMARY OF THE INVENTION 

[0005] The present invention resides in an apparatus 
for marking a contour d surface having complex topol- ss 
ogy, characterized by a movable marker for marking the 
surface, a sensor disposed in sensing relationship to the 
surfac for sensing contour of the surface; and a con- 



troller interconnecting said marker and said sensor for 
actuating said marker and for controllably moving said 
marker relative to the surface in response to the contour 
sensed by said sensor, so that said marker follows the 
contour of the surface at a predetermined distance 
therefrom and marks the surface. 
[0006] In one aspect of the invention, the invention 
comprises an apparatus for marking a contoured sur- 
face having complex topology. The apparatus compris- 
es a movable marker for marking the surface and a sen- 
sor disposed in sensing relationship to the surface for 
sensing contour of the surface. A controller intercon- 
necting the marker and the sensor is also provided for 
actuating the marker and for controllably moving the 
marker relative to the surface in response to the contour 
sensed by the sensor, so that the marker follows the 
contour of the surface at a predetermined distance 
therefrom and marks the surface. 
[0007] A feature of the present invention is the provi- 
sion of a sensor for sensing contour of the surface. 
[0008] Another feature of the present invention is the 
provision of a controller connected to the sensor for ob- 
taining a three-dimensional map of the surface sensed 
by the sensor 

[0009] An advantage of the present invention is that 
marking medium is precisely applied evenly on prede- 
termined portions of the surface in a time-saving man- 
ner. 

[0010] These and other objects, features and advan- 
tages of the present invention will become apparent to 
those skilled in the art upon a reading of the following 
detailed description when taken in conjunction with the 
drawings wherein there is shown and described illustra- 
tive embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] While the specification concludes with claims 
particularly pointing-out and distinctly claiming the sub- 
ject matter of the present invention, it is believed the in- 
vention will be better understood from the following de- 
scription when taken in conjunction with the accompa- 
nying drawings wherein: 

Figure 1 is a view in elevation of the present inven- 
tion showing a sensor comprising a laser system for 
measuring distance of a contoured surface from the 
sensor; 

Figure 2 is a fragmentation view showing a tele- 
scoping arm connected to a printhead belonging to 
the present invention; 

Figure 3 is a view in elevation of the present inven- 
tion showing a sensor comprising a ultra sound pro- 
ducing/detecting system for measuring distance of 
the contoured surface from the sensor; 
Figure 4 is a view in el vation of the present inv n- 
tion showing a sensor comprising a mechanical fol- 
lower for measuring distance of the contoured sur- 
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face from the sensor; 

Figure 5 is a view in elevation of an alternative em- 
bodiment of the invention; 

Figure 6 displays a logic flowchart of a process for 
mapping an image onto the surface; and 
Figure 7 is a continuation of the logic flowchart be- 
gun in Figure 6. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 2] The present description will be directed in par- 
ticular to elements forming part of, or cooperating more 
directly with, apparatus in accordance with the present 
invention. It is to be understood that elements not spe- 
cifically shown or described may take various forms well 
known to those skilled in the art. 

[001 3] Therefore, referring to Figs. 1,2,3 and 4, there 
is shown a first embodiment of the present invention, 
which is an apparatus, generally referred to as 10, for 
marking an image 20 on a contoured surface 30 defined 
by an object 40 resting on a support platform 45. Surface 
30 may have a complex (i.e., undulating or curvilinear) 
topology. Apparatus 10 comprises a movable marker 
50, which may be a piezoelectric inkjet printhead. Alter- 
natively, printhead 50 may be a thermal inkjet printhead 
of the type disclosed in commonly assigned U.S. Patent 
Application Ser. No. 08/750,438 titled "A Liquid Ink Print- 
ing Apparatus And System" filed December 3, 1996, in 
the name of Kia Siiverbrook. Referring again to Figs. 1 , 
2, 3 and 4, a sensor 60 is disposed in sensing relation- 
ship to surface 30 for sensing contour of surface 30. As 
sensor 60 senses contour of surface 30, the sensor 30 
generates a contour map corresponding to the contour 
of surface 30 sensed thereby, as described more fully 
hereinbelow. Sensor 60 is preferably a laser system 
comprising a photodiode light source 70 capable of 
emitting a laser light beam 80 to be intercepted by sur- 
face 30 and reflected therefrom to define a reflected light 
beam 90. In such a laser system, sensor 30 further com- 
prises a light detector 100, which may be a CCD 
(Charged Couple Device) associated with light source 
70 for detecting reflected light beam 90. In this regard, 
the laser system comprising light source 70 and detector 
100 may be a modified "IMPULSE"™ model laser sys- 
tem available from Laser Technology, Incorporated lo- 
cated in Englewood, Colorado. Alternatively, sensor 60 
may be a sound producing/detecting system comprising 
a sonic transducer 110 for emitting an ultra sound wave 
1 20 to be intercepted by surface 30 and reflected there- 
from to define a reflected sound wave 1 30. In such a 
sound producing/detecting system, sensor 60 further 
comprises a sonic detector 140 associated with trans- 
ducer 110 for detecting reflected sound wave 1 30. In this 
regard, the sound producing/detecting syst m compris- 
ing sonic transducer 110and sonic detector 140 may be 
a "Model 6500"™ sound producing/detecting system 
available from Polaroid located in Cambridge, Massa- 
chusetts. As another alternative, sensor 60 may be a 



mechanical follower mechanism comprising a telescop- 
ing spring-loaded follower 150 having an end portion 
1 55 (e.g., a rollable ball bearing) adapted to contact sur- 
face 30 and follow therealong. In this case, telescoping 
s follower 150 is capable of extending and retracting in 
order to follow contour of surface 30 and is also capable 
of generating an electrical signal indicative of the 
amount follower 150 extends and retracts with respect 
to contour of surface 30. It should be appreciated that 
10 sensor 60 and printhead 50 need not be pointing at the 
same location on surface 30 as long as the initial posi- 
tion of sensor 60 relative to the initial position of print- 
head 50 is known at the start of the mapping process. 
[001 4] Still referring to Figs. 1,2,3 and 4, a positioning 
is mechanism, generally referred to as 160, is connected 
to marker 50 and sensor 60 for positioning marker 50 
and sensor 60 relative to surface 30. Positioning mech- 
anism 160 comprises at least one elongate leg 170 de- 
fining a longitudinal first axis 175 therethrough. Leg 170 
also has an end portion thereof connected to a motor- 
ized rotatable base 180 which rotates leg 170 in a 360° 
circle around support platform 45. The other end portion 
of elongate leg 170 is connected to an elongate beam 
member 190 defining a longitudinal second axis 192 
therethrough disposed orthogonally (i.e., at a 90° angle) 
to first axis 175. Moreover, positioning mechanism 160 
further comprises a motorized first carriage 195 which 
slidably engages leg 170 and to which sensor 60 is con- 
nected, so that sensor 60 is capable of slidably moving 
along leg 1 70 in the direction of first axis 1 75. In addition, 
positioning mechanism 160 comprises a motorized sec- 
ond carriage 1 97 which slidably engages beam member 
190 and to which printhead 50 is connected, so that 
printhead 50 is capable of slidably moving along beam 
member 190 in the direction of second axis 192. More 
specifically, printhead 50 is connected to a telescoping 
arm 200 which in turn is connected to beam member 
190. Connecting printhead 50 to arm 200 allows dis- 
tance between printhead 50 and surface 30 to be held 
constant by adjustment of the amount of extension of 
arm 200. Maintaining constant distance between print- 
head 50 and surface 30 allows a marking medium (e.g., 
colored ink) to be uniformly applied to surface 30. To 
achieve this result, telescoping arm 200 is capable of 
telescoping printhead 50 outwardly away from and in- 
wardly towards second carriage 197 along a third axis 
205 running longitudinally through telescoping arm 200. 
Further, a ball-in-socket joint 210 preferably intercon- 
nects printhead 50 and arm 200 for moving printhead 
50 in a path defined by a iune 215 centered about third 
axis 205 and circumscribing a 360° circle around arm 
200, as best illustrated by dashed lines in Fig. 2. Ball- 
in-socket joint 21 0 is movable by means of a linkage (not 
shown) interconnecting ball-in-socket joint 21 0 with sec- 
ond carriage 197. 

[0015] Referring yet again to Figs. 1, 2, 3 and 4, it may 
be appreciated that printhead 50 obtains at least thre 
degrees freedom of movement relative to surfac 30 in 
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order to mark substantially any portion of surface 30. 
That is, printhead 50 is capable of moving around object 
40 in a 360° circle to define a first degree freedom of 
movement because printhead 50 is connected to beam 
member 190 which in turn is connected to leg 170 that 
is connected to rotatable base 180. Thus, as rotatable 
base 1 80 moves leg 1 70 in the 360° circle around object 
40, printhead 50 will also move to a like extent in a 360° 
circle around object 40. In addition, printhead 50 is ca- 
pable of moving in a direction outwardly away from and 
inwardly towards second carriage 197 along third axis 
205 to define a second degree freedom of movement. 
Moreover, printhead 50 is capable of moving, by means 
of ball-in-socket joint 210, in the path traveled by lune 
215 to define at least a third degree freedom of move- 
ment. It is important that printhead 50 have at least three 
degrees freedom of movement. This is important in or- 
der to provide printhead 50 access to substantially any 
portion of surface 30 for marking substantially any por- 
tion of surface 30. 

[0016] Referring again to Figs. 1, 2, 3 and 4, it may 
be appreciated that sensor 60 obtains two degrees free- 
dom of movement relative to surface 30. That is, sensor 
60 is capable of moving around object 40 in a 360° circle 
to define a first degree freedom of movement because 
sensor 60 is connected to leg 170, which in turn is con- 
nected to rotatable base 180. As previously mentioned, 
base 180 moves leg 170 in the 360° circle around object 
40. In addition, sensor 60 is capable of moving in a di- 
rection along first axis 175 to define a second degree 
freedom of movement for sensor 60. It is important that 
sensor have at least two degrees freedom of movement. 
This is important to allow sensor 60 sufficient access to 
portions of surface 30 to be mapped by sensor 60 in the 
manner described hereinbelow. 

[0017] Still referring to Figs. 1 , 2, 3 and 4, a controller 
220 is connected to printhead 50, sensor 60 and posi- 
tioning mechanism 160 for controlling positioning of 
printhead 50 and sensor 60. With respect to controlling 
positioning of printhead 50, controller 220 is connected 
to second carriage 1 97, such as by means of a first cable 
230, for activating second carriage 197, so that second 
carriage 197 controllably slides along beam member 
1 90. As controller 220 activates carriage 197, controller 
220 may also controllably activate arm 200 for telescop- 
ing printhead 50 along third axis 205 to a predetermined 
constant distance from surface 30. Further, as controller 
220 activates arm 200, controller 220 may also control- 
lably activate ball-on-socket joint 210, by means of the 
previously mentioned linkage (not shown), for moving 
printhead 50 in the path traveled by lune 21 5. Of course, 
a reservoir 260 is connected to printhead 50 for supply- 
ing the marking medium (e.g., colored ink) to printhead 
50. 

[0018] Again referring to Figs. 1 , 2, 3 and 4, in order 
to control positioning of sensor 60, controll r 220 is con- 
nected to first carriage 195, such as by means of a sec- 
ond cable 240, for activating first carriage 1 95, so that 
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first carriage 195 controllably slides along leg 170. 
Moreover, controller 220 is connected to base 180 for 
controlling rotation of base 180. More specifically, con- 
troller 220 is connected to base 180 s such as by means 
5 of a third cable 250, for activating base 1 80, so that base 
180 controllably rotates in the previously mentioned 
360° circle around support platform 45 and thus around 
object 40. Moreover, controller 220 performs yet other 
functions. As described in detail hereinbelow, controller 
io 220 stores image 20 therein, actuates sensor 60 to allow 
mapping contoured surface 30 as sensor travels about 
surface 30, and activates printhead 50 to apply image 
20 to surface 30 according to the map of surface 30 
stored in controller 220. 
is [0019] Therefore, referring to Figs. 1, 2, 3, 4, 6 and 7, 
the manner in which surface 30 is mapped intox, y and 
z Cartesian coordinates will now be described. First, ob- 
ject 40 is placed upon platform surface 45 by an operator 
of apparatus 10 as at Step 270. Either the operator or 
20 controller 220 then orients sensor 60 in the direction of 
object 40 as at Step 280. Next, controller 220 activates 
sensor 60 such that distance from sensor 60 of an initial 
point on surface 30 is determined as at Step 290. That 
is, sensor 60 effectively determines distance or proxim- 
25 ity of object 40 from sensor 60. Distance of this initial 
point is determined either by use of light beams 80/90, 
sound waves 120/130 or follower 150. This initial point 
is designated as a datum point "0" and will have Carte- 
sian coordinates of x = 0, y = 0 and z = distance from 
30 sensor 60 as at Step 300. These x, y and z coordinates 
for datum point "0° are then transmitted by second cable 
240 to controller 220 and stored therein as at Step 310. 
Controller 220 then activates first carriage and/or base 
180 to increment sensor 60 a predetermined amount in 
35 order to sense a first measurement point "1 " on surface 
30 as at Step 320. This first measurement point °1 n is 
located at an epsilon distance "8" on surface 30 in a pre- 
determined direction from datum point "0" as at Step 
330. Moreover, this first measurement point "1 " will have 
40 coordinates of x = , y = y-, and z = z A , where the values 
of x t , y n and z 1 are distances defining location of meas- 
urement point "1 " from datum point "O" in the well-known 
three-dimensional Cartesian coordinate system as illus- 
trated by Step 340. The coordinates of measurement 
45 point "1" are then transmitted by second cable 240 to 
controller 220 and stored therein as at Step 350. Con- 
troller 220 then activates first carriage and/or base 180 
to increment sensor 60 epsilon distance "d" to a second 
measurement point "2" on surface 30 as at Step 360. 
so That is, this second measurement point "2" is located at 
the epsilon distance "5" on surface 30 in a predeter- 
mined direction from first measurement point "1" as il- 
lustrated by Step 370. Moreover, this second measure- 
ment point '2° will have coordinates of x = x 2> y = y 2 and 
55 z = z 2 , where th values of x 2 , y 2 and z 2 are distances 
defining separation of measurement point "2" from da- 
tum point "0" in the three-dimensional Cartesian coordi- 
nate system as illustrated by Step 380. These coordi- 
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nates of second measurement point "2 n are then trans- 
mitted by second cable 240 to controller 220 and stored 
therein as at Step 390. In similar manner, controller 220 
activates first carriage and/or base 180 to increment 
sensor 60 by increments equal to epsilon distance K 5° 
about the entire surface 30 to establish values of x = 0, 
1, ... n x ; y = 0, 1, ... n y ; and z = 0, 1, 2, ... n z , where n x , 
n y and n 2 equal the total number of measurement points 
to be taken on surface 30 in the x, y and z directions, 
respectively as at Step 400. Each measurement point 
is spaced-apart from its neighbor by epsilon distance "8 M 
as illustrated by Step 410. In this manner, all measure- 
ment points describing surface 30 are defined relative 
to initial datum point "0°, which is defined by x = 0, y = 
0 and z = distance from sensor 60 as illustrated by Step 
420. The process disclosed hereinabove results in a 
three-dimensional grid map of contoured surface 30 be- 
ing stored in controller 220 as x, y and z coordinates as 
at Steps 430, 440 and 450. 

[0020] Referring again to Figs. 1,2,3 and 4, controller 
220 performs a calculation which justifies image 20 
stored therein with the x, y and z map of surface 30 as 
at Step 460. Preferably image 20 has been previously 
stored in controller 220 and represented therein in the 
form of a plurality of points defined by x' and y' two-di- 
mensional Cartesian coordinates. That is, each point in 
image 20 stored in controller 220 has been previously 
assigned x' and y' values representing image 20 in an 
x'-y' two-dimensional plane. This x'-y* plane has an ori- 
gin defined by values of x' = 0 and y' = 0. The values in 
the x'-y' plane range from x'= 0, 1, 2, ... n x - and from y' 
= 0, 1 , 2, ... n y \ where n x « and n y - equal the total number 
of pixel points representing image 20 in the x' and y' di- 
rections, respectively. Controller 220 then mathemati- 
cally operates on the values defining the x'-y' plane of 
image 20 in order to justify the x' and y' values forming 
image 20 to the x and y measurement values forming 
the map of surface 30. That is, controller 220 multiplies 
each x' and y' value by a predetermined scaling factor, 
so that each x' and y' value is respectively transformed 
into corresponding x n and y" values as at Step 470. The 
z coordinates of the measurement values obtained by 
sensor 60 remain undisturbed by this justification. That 
is, after controller 220 scales the x' and y' values, con- 
troller 220 generates corresponding x" and y n values 
(with the z coordinate values remaining undisturbed). 
The x" values range from x" = 0, 1 , 2, ... n x " and the y" 
values range from y" = 0, 1 . 2, ... n y ", where n x " and n y B 
equal the total of pixel points representing image 20 in 
the x" and y° directions, respectively as illustrated by 
Step 480. It should be understood from the description 
hereinabove, that once the values of x" and y" are de- 
fined, the values of z are predetermined because there 
is a unique value of z corresponding to each x' and y" 
pair as illustrated by Step 490. These values of x", y" 
and z define where ink pixels ar to be applied on sur- 
fac 30 as illustrated by Step 500. As described herein- 
below, after the map and image 20 stored in controller 



220 are justified, controller 220 controls printhead 50 
and positioning mechanism 1 60 to print the now justified 
image 20 on surface 30. If desired, the position of a sig- 
nificant portion (e.g., the nose on a bust statue) of image 
5 20 in the x - y plane stored in controller 220 may be 
matched to the corresponding significant portion of ob- 
ject 40 stored in the x' - y' plane in order to obtain the 
necessary justification. 

[0021] Again referring to Figs. 1 , 2, 3 and 4, controller 
10 220 transmits a signal to second carriage 1 97, arm 200, 
ball-in-socket joint 210 and/or base 180 to position print- 
head 50 at the first pixel point to be printed. This first 
pixel point is located on surface 30 at a location defined 
by x n = 1 , y" = 1 and the z value uniquely associated 
15 therewith. That is, once x" = 1 and y" = 1 are defined, 
the value of z corresponding to the pair of values for x° 
= 1 and y n = 1 is predetermined. Next, controller 220 
activates printhead 50 to expel ink at the location on sur- 
face 30 corresponding to x" = 1 , y" = 1 and the associ- 
20 ated z value in order to mark surface 30 thereat. If de- 
sired, the z value is scaled such that printhead 50 is al- 
ways spaced a predetermined distance from surface 30 
in order to uniformly apply ink to surface 30. The process 
described hereinabove is repeated until all of image 20 
25 is marked on surface 30. 

[0022] As best seen in Fig. 5, an alternative embodi- 
ment of the present invention is there shown for marking 
contoured surface 30. In this alternative embodiment of 
the invention, printhead 50 and sensor 60 are combined 
30 into one assembly. This alternative embodiment of the 
invention eliminates need for first carriage 1 95 and sec- 
ond cable 240. Instructions to both printhead 50 and 
sensor 60 are transmitted thereto from controller 220 
over first cable 230. Moreover, this alternative embodi- 
es ment of the invention allows sensor 60 to have the same 
number of degrees of freedom (i.e., at least three de- 
grees of freedom) as printhead 50. This results in an 
increased number of degrees of freedom of movement 
for sensor 60 compared to the first embodiment of the 
40 invention. This is particularly useful to facilitate meas- 
urement of surfaces which are largely perpendicular to 
third axis 205. 

[0023] It may be appreciated from the teachings here- 
in that an advantage of the present invention is that 

45 marking medium is precisely applied evenly on prede- 
termined portions of surface 30 in a time-saving manner. 
This is so because the automatic control provided by 
controller 220 allows printhead 50 to be spaced a con- 
stant distance from surface 30 by means of precise 

50 movement of positioning mechanism 160 and also al- 
lows the speed of the marking process to be increased 
compared to the manual marking technique. 
[0024] While the invention has been described with 
particular reference to its preferred embodiments, it is 

55 understood by those skilled in th art that various chang- 
es may be made and equivalents may be substituted for 
elements of the pr f erred embodiments without depart- 
ing from the invention. For example, apparatus 10 isdis- 
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closed herein as applying ink on surface 30 to create a 
printed image; however, apparatus 10 may be modified 
to abrade predetermined portions of surface 30 to create 
an image in relief. As another example, apparatus 10 
may be modified to apply a glaze or other protective 
coating to predetermined portions of surface 30. As yet 
another example, support platform 45 may be suitably 
rotated rather than base 180. As still another example, 
support platform 45 may be movable vertically. Also, al- 
though the Cartesian coordinate system is used to map 
surface 30, the Polar coordinate system may be used 
instead. As a further example, inkjet printhead 50 may 
be replaced by a suitable brush. 

[0025] Therefore, what is provided is an apparatus 
and method for marking a contoured surface having a 
complex topology. 

PARTS LIST 
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Claims 

1 . An apparatus for marking a contoured surface (30) 
having complex topology, characterized by: 

(a) a movable marker (50) for marking the sur- 
face; 

(b) a sensor (60) disposed in sensing relation- 
ship to the surface for sensing contour of the 

10 surface; and 

(c) a controller (220) interconnecting said mark- 
er and said sensor for actuating said marker 
and for controllably moving said marker relative 
to the surface in response to the contour 

15 sensed by said sensor, so that said marker fol- 

lows the contour of the surface at a predeter- 
mined distance therefrom and marks the sur- 
face. 

20 2. The apparatus of claim 1 , further characterized by 
a positioning mechanism (1 60) interconnecting said 
controller and said marker for controllably carrying 
said marker with respect to the surface. 

25 3. The apparatus of claim 1 , wherein said marker is an 
inkjet printhead. 

4. The apparatus of claim 1 , wherein said sensor is 
characterized by: 

30 

(a) a light source (70) for emitting a light beam 
(80) to be intercepted by the surface and re- 
flected therefrom to define a reflected light 
beam (90); and 
35 (b) a light beam detector (100) associated with 

said light source for detecting the reflected light 
beam. 

5. The apparatus of claim 1, wherein said sensor is 
40 characterized by: 

(a) a sound emitter (110) for emitting a sound 
wave ( 1 20) to be intercepted by the surface and 
reflected therefrom to define a reflected sound 

45 wave (130); and 

(b) a sound detector (140) associated with said 
sound emitter for detecting the reflected sound 
wave. 

50 6. The apparatus of claim 1 , wherein said sensor is 
characterized by a follower ( 1 50) adapted to contact 
the surface and follow the contour of the surface. 

7. A method of marking a contoured surface (30) hav- 
55 ing complex topology, characterized by the steps of: 

(a) disposing a movable marker (50) relativ to 
the surface for marking the surface; 
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(b) disposing a sensor (60) in sensing relation- 
ship to the surface for sensing contour of the 
surface; and 

(c) interconnecting a controller (220) to the 
marker and the sensor for actuating the marker 5 
and for controllably moving the marker relative 

to the surface in response to the contour 
sensed by the sensor, so that the marker fol- 
lows the contour of the surface at a predeter- 
mined distance therefrom and marks the sur- to 
face. 

8. The method of claim 7, further characterized by the 
step of interconnecting a positioning mechanism 
(160) to the controller and the marker for controlla- is 
bly carrying the marker with respect to the surface. 

9. The method of claim 7, wherein the step of dispos- 
ing the marker relative to the surface characterized 

by the step of disposing an inkjet printhead relative 20 
to the surface. 

10. The method of claim 7, wherein the step of dispos- 
ing the sensor is characterized by the steps of: 

25 

(a) emitting a light beam (80) from a light source 
(70), the light beam being intercepted by the 
surface and reflected therefrom to define a re- 
flected light beam (90); and 

(b) detecting the reflected light beam using a 30 
light beam detector (100) associated with the 
light source. 

11. The method of claim 7, wherein the step of dispos- 
ing the sensor is characterized by the steps of: 35 

(a) emitting a sound wave (120) from a sound 
emitter (110), the sound wave being intercept- 
ed by the surface and reflected therefrom to de- 
fine a reflected sound wave (1 30); and 40 

(b) detecting the reflected sound wave using a 
sound detector ( 1 40) associated with the sound 
emitter. 

12. The method of claim 7, wherein the step of dispos- 
ing the sensor is characterized by the step of fol- 
lowing the contour of the surface using a telescop- 
ing follower (150) adapted to contact the surface 
and follow therealong. 
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